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(57) ABSTRACT 

A method for generating a plasma. A gas ?oWs along a How 
path having the displacement identical to the lines of mag 
netic force of the main magnetic ?eld, and high frequency 
alternating current is applied to the gas, thereby generating 
a gas plasma. For example, a gas is ?owed through a pipe in 
a ?rst direction. Electricity is conducted through the pipe in 
substantially the ?rst direction. And a magnetic ?eld is 
applied along a second direction (e.g., perpendicular to the 
?rst direction) to the gas ?owing in the pipe such that a 
plasma is induced in the pipe. 
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METHOD FOR GENERATING GAS PLASMA 

This U.S. nonprovisional patent application claims prior 
ity under 35 U.S.C. § 119 of Korean Patent Application 
2002-69776 ?led on Nov. 11, 2002, the entire contents of 
Which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to generating a plasma using 

a gas composition for manufacturing a semiconductor 
device; more particularly, a method and an apparatus for 
generating a plasma using a remote process, a gas compo 
sition for generating the plasma to etch a layer, and a method 
for manufacturing a semiconductor device using the gas 
composition. 

2. Description of the Related Art 
Recently, semiconductor devices have been rapidly devel 

oped in order to meet various requirements of consumers 
and the development of information processing devices. The 
semiconductor devices are required to have high operation 
speed and large storage capacity. Thus, the semiconductor 
devices should be highly integrated With a design rule of 
beloW 0.15 pm. As a result, the semiconductor manufactur 
ing processes has progressed to employing a plasma in the 
micro machining technology process. 

Processes for generating plasma are divided into an in-situ 
process and a remote process, depending on the plasma type. 
The in-situ process generates the plasma in a chamber used 
for manufacturing a semiconductor device. On the other 
hand, the remote process inserts the plasma into the chamber 
after the plasma is generated outside the chamber. UtiliZing 
the in-situ process, a substrate positioned in the chamber and 
the inside of the chamber may be damaged because the 
plasma is directly generated in the chamber. Hence, the 
remote process is more often employed in recent semicon 
ductor manufacturing processes. 

Examples of methods and apparatus for generating a 
plasma by a remote process are disclosed in Korean Laid 
Open Patent Publication No. 1998-79855, Korean Laid 
Open Patent Publication No. 2001-49697, U.S. Pat. No. 
5,458,754 (issued to Sathrum el al.), U.S. Pat. No. 6,263,830 
(issued to Kamarehi el al.), Japanese Laid Open Patent 
Publication No. 6-293980, and Japanese Laid Open Patent 
Publication No. 8-323873. 

U.S. Pat. No. 5,458,754 discloses a method for generating 
a plasma by utiliZing a magnetic ?eld. U.S. Pat. No. 6,263, 
830 discloses a method for generating a plasma by applying 
microWaves. Whether employing the magnetic ?eld or the 
microWave, the generation ef?ciency of the plasma can be 
improved by controlling the motion of the plasma When the 
plasma is generated. 

FIG. 1 is a schematic vieW illustrating an apparatus for 
generating a plasma by a conventional remote process using 
a magnetic ?eld. 

Referring to FIG. 1, a plasma generating apparatus 1 has 
a tube 11 in Which a gas ?oWs. The tube 11 is divided into 
a ?rst bifurcated tube 11a and a second bifurcated tube 11b 
at the portion of tube 11 Where a source gas ?oWs. The ?rst 
and second bifurcated tubes 11a and 11b are combined at the 
portion of tube 11 Where a plasma gas is exhausted. The 
source gas passes through tWo paths P1 and P2, and is 
changed into a gas having a plasma state. 

The plasma generating apparatus 1 includes a magnetic 
?eld generating member 13 for generating a magnetic ?eld 
to transform the gas into plasma. The magnetic ?eld gener 
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2 
ating member 13 is disposed to enclose the ?rst bifurcated 
tube 11a, but can be disposed to enclose the second bifur 
cated tube 11b. 
A poWer source 15 generates square Wave high frequency 

alternating current to generate electric and magnetic ?elds to 
change the gas into plasma. Electrical Wiring connected to 
the poWer source 15 is disposed as a coil to enclose the 
magnetic ?eld generating member 13. 
When the high frequency alternating current generated 

from the poWer source 15 is applied to pass through the 
magnetic ?eld generating member 13, energy is applied to 
gas particles in the tube 11, thereby generating the plasma. 

In the above-described conventional plasma generating 
apparatus 1, the energy induced from a core portion of the 
magnetic ?eld generating member 13 (the portion Where the 
coil is positioned) is transferred to the ?rst bifurcated tube 
11a of the tube 11. An induction electric ?eld is formed at 
path Pl. Path P2 serves as a secondary Winding. 
The gas ?oWs through the tWo paths P1 and P2. The 

electric ?eld directly generated from the poWer source 15 is 
applied to one path P1 of the tWo paths P1 and P2, While the 
induction electric ?eld induced from the electric ?eld of the 
poWer source 15 by the coil is applied to the other path P2. 
Thus, some energy is transferred to the gas in the second 
bifurcated tube 11b. 
When the induction electric ?eld is employed, the energy 

cannot be suf?ciently applied to the gas particles in the tube 
11 due to poWer loss. Thus, the generation ef?ciency of the 
plasma may be reduced. To enhance the generation effi 
ciency of the plasma, a large amount of gas can be used in 
the plasma generating apparatus. HoWever, the manufactur 
ing cost may greatly increase When the plasma generating 
apparatus consumes the gas on a massive scale. 
Though a per?uorocarbon based gas is usually employed 

for manufacturing a semiconductor device and is chemically 
stable, the per?uorocarbon-based gas is a gas that may 
increase the green house e?fect. Hence, the exhaustion 
quantity of the per?uorocarbon-based gas should be reduced 
When the per?uorocarbon-based gas is employed for manu 
facturing the semiconductor device. Various methods, hav 
ing no effect on the productivity of the semiconductor 
device, have been developed in order to reduce the exhaus 
tion quantity of the per?uorocarbon-based gas. One example 
is a method utiliZing an NF3 gas for generating the plasma 
to form ?uorine radicals during the process for cleaning the 
semiconductor device. HoWever, NF3 gas is expensive, so 
the manufacturing cost of the semiconductor device may 
increase. 

SUMMARY OF THE INVENTION 

In an exemplary embodiment, the present invention is 
directed to a method for generating a plasma, Which can 
improve the generation ef?ciency of the plasma When the 
plasma is generated by a remote process. 

In another exemplary embodiment, the present invention 
is directed to an apparatus for generating a plasma, Which 
can be employed for the above-mentioned method for gen 
erating the plasma. 

In another exemplary embodiment, the present invention 
is directed to a gas composition for etching a layer, Which 
can be used for generating the plasma. 

In another exemplary embodiment, the present invention 
is directed to a method of manufacturing a semiconductor 
device using the gas composition. 

In another exemplary embodiment, the present invention 
is directed to a plasma generating method Where, after a 
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main magnetic ?eld having an axis is formed, a subsidiary 
magnetic ?eld is formed in parallel to or substantially 
parallel to the axis. Electric power is provided so that a high 
frequency alternating current is applied along a path 
betWeen the main and the subsidiary magnetic ?elds. A gas 
?oWs along a path of the current so that the gas is trans 
formed into a plasma state. 

In another exemplary embodiment, after a main magnetic 
?eld having an axis is formed, gas ?oWs in the magnetic ?eld 
along a ?rst direction perpendicular to or substantially 
perpendicular to the axis. An electric ?eld is applied to the 
gas along a second direction, different from the ?rst direc 
tion, so that a plasma is generated from the gas. 

Another exemplary embodiment of the present invention 
is directed to an apparatus for generating a plasma having 
magnetic ?eld generating means, and plasma generating 
means. The magnetic ?eld generating means generates a 
main magnetic ?eld having an axis and a subsidiary mag 
netic ?eld parallel to the axis. The plasma generating means 
generates a plasma from a gas by alloWing the gas to How 
in a region betWeen the main and the subsidiary magnetic 
?elds. The plasma generating means may apply a high 
frequency alternating current along a path parallel to or 
substantially parallel to a How path of the gas. 

In another exemplary embodiment, the present invention 
is directed to a gas composition for generating a plasma 
comprising C3138 gas, oxygen gas, and argon gas. 

In another exemplary embodiment, the present invention 
is directed to a method Which etches a device using the gas 
plasma generated from a mixture of C3138 gas, oxygen gas, 
and argon gas using a remote plasma process. 

According to another exemplary embodiment of the 
present invention, the motion of the gas plasma can be 
effectively controlled using a main and subsidiary magnetic 
?eld. Also, because the high frequency alternating current 
can be applied along the path identical to or substantially 
identical to the How path of the gas, free electrons for 
ioniZing the gas can be accelerated, ef?ciently therefore, the 
generation ef?ciency of the plasma can be improved. Fur 
ther, the gas composition for generating the plasma is 
inexpensive, and the generation ef?ciency of the plasma can 
be increased using a quantity of the gas composition, Which 
may reduce the manufacturing cost of the semiconductor 
device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other advantages of exemplary embodi 
ments of the present invention Will become more apparent 
by describing in detail exemplary embodiments thereof With 
reference to the accompanying draWings, in Which: 

FIG. 1 is a schematic vieW illustrating an apparatus for 
generating a plasma employing a conventional remote 
plasma process; 

FIG. 2 is a vieW illustrating the main and the subsidiary 
magnetic ?elds used in an exemplary embodiment of the 
present invention; 

FIG. 3 is a schematic vieW illustrating an apparatus for 
generating a plasma according to another exemplary 
embodiment of the present invention; 

FIG. 4 is a schematic cross-sectional vieW illustrating 
generation of the plasma in a plasma-generating member 
according to another exemplary embodiment of the present 
invention; 

FIG. 5 is a graph shoWing the motion of particles in the 
plasma-generating member according to another exemplary 
embodiment of the present invention; 
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4 
FIG. 6 is a perspective vieW illustrating the apparatus for 

generating a plasma according to another exemplary 
embodiment of the present invention; 

FIG. 7 is a perspective vieW illustrating an apparatus for 
generating a plasma according to another exemplary 
embodiment of the present invention; 

FIG. 8 is a schematic perspective vieW illustrating an 
apparatus for generating a plasma according to another 
exemplary embodiment of the present invention; 

FIG. 9 is a block diagram illustrating an apparatus for 
manufacturing a semiconductor device according to another 
exemplary embodiment of the present invention; 

FIG. 10 is a schematic cross-sectional vieW illustrating an 
etching apparatus according to another exemplary embodi 
ment of the present invention; 

FIG. 11 is a schematic perspective vieW shoWing another 
exemplary embodiment of the shoWerhead of FIG. 10; 

FIG. 12 is a graph shoWing the measured results of the 
reaction by-products by employing the gas plasma in accor 
dance With Comparative Example 1; 

FIG. 13 is a graph shoWing the measured results of the 
reaction by-products by employing the gas plasma in accor 
dance With Example 2; 

FIG. 14 is a graph shoWing the decomposition rate of the 
NF3 gas relative to How rate in the exemplary plasma 
generating device shoWn in FIG. 1; and 

FIG. 15 is a graph shoWing the decomposition rate of the 
NF3 gas relative to How rate in the exemplary plasma 
generating device shoWn in FIG. 3. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS OF THE PRESENT 

INVENTION 

Hereinafter, exemplary embodiments of the present 
invention Will be described in detail With reference to the 
accompanying draWings. In the folloWing draWings, like 
reference numerals identify similar or identical elements. 

Method and Apparatus for Generating a Plasma 
FIG. 2 is a schematic vieW illustrating the main and the 

subsidiary magnetic ?elds used in an exemplary embodi 
ment of the present invention. The main and the subsidiary 
electric ?elds may be generated by one or more magnetic 
?eld generating elements. 

Referring to FIG. 2, a main magnetic ?eld generating 
member 20 generates the main magnetic ?eld 23 formed 
along the axis 21 of the main magnetic ?eld generating 
member 20 (for example, an X-axis direction). First and 
second subsidiary magnetic ?eld generating members 2011 
and 20b may be disposed parallel to or substantially parallel 
to the main magnetic ?eld generating member 20. The main 
magnetic ?eld generating member 20 is positioned betWeen 
the ?rst and second subsidiary magnetic ?eld generating 
members 2011 and 20b. The ?rst and the second subsidiary 
magnetic ?eld generating members 2011 and 20b generate 
subsidiary magnetic ?elds 25, respectively. The subsidiary 
magnetic ?elds 25 are formed to be parallel to or substan 
tially parallel to the axis 21 of the main magnetic ?eld 
generating member 20. Thus, the subsidiary magnetic ?elds 
25 are parallel to or substantially parallel to the main 
magnetic ?eld 23. 

Repulsive forces are generated betWeen the main and the 
subsidiary magnetic ?elds 23 and 25 so that the densities of 
magnetic ?uxes increase along the axis 21 in the spaces 
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between the main magnetic ?eld generating member 20 and 
the ?rst and second magnetic ?eld generating members 20a 
and 20b, respectively. 

The subsidiary magnetic ?elds 25 may be symmetrically 
formed With respect to the main magnetic ?eld 23. As shown 
in FIG. 2, though the subsidiary magnetic ?elds 25 can be 
generated by employing the ?rst and second subsidiary 
magnetic ?eld generating members 20a and 20b, tWo pairs 
of subsidiary magnetic ?eld generating members can be 
adopted for generating the subsidiary magnetic ?elds. Also, 
three or more pairs of the subsidiary magnetic ?eld gener 
ating members can be employed for generating the subsid 
iary magnetic ?elds as required. One or tWo pairs of the 
subsidiary magnetic ?eld generating members may be used 
to generate the subsidiary magnetic ?elds symmetrically 
With respect to the main magnetic ?eld. 
A secondary electric ?eld is generated betWeen the main 

and subsidiary magnetic ?elds 23 and 25 in a Z-axis direc 
tion. A gas ?oWs betWeen the main and the subsidiary 
magnetic ?elds 23 and 25, and then ?oWs toWard the 
secondary electric ?eld in the Z-axis direction. 

FIG. 3 is a schematic vieW illustrating an apparatus for 
generating a plasma according to another exemplary 
embodiment of the present invention. 

Referring to FIG. 3, a plasma generating apparatus 4 has 
a magnetic ?eld generating element 41. The magnetic ?eld 
generating element 41 includes a main magnetic ?eld gen 
erating member 41a and a pair of subsidiary magnetic ?eld 
generating members 41b and 410. The main magnetic ?eld 
generating member 41a generates a main magnetic ?eld 
formed along the axis of the magnetic ?eld generating 
element 41, and the subsidiary magnetic ?eld generating 
members 41b and 410 generate subsidiary magnetic ?elds 
parallel to or substantially parallel to the main magnetic 
?eld. 

The magnetic ?eld generating element 41 includes per 
manent magnetic material such as ferrite. In addition, the 
magnetic ?eld generating element 41 can include an elec 
tromagnet. The main and subsidiary magnetic ?elds may 
also be generated using the permanent magnetic material 
such as ferrite. Ferrite generally has a high magnetic per 
meability in the frequency range of approximately several 
tens to 500 KHZ. ApoWer source 45 provides the sine Wave 
current having the loW frequency of approximately 350 KHZ 
to 13.56 MHZ With the high poWer of approximately 1.5 to 
10 KW. In an exemplary embodiment, the poWer source 45 
supplies the sine Wave current of approximately 400 KHZ 
With the poWer of approximately 6 to 8 KW in order to 
advantageously decompose a carbon ?uoride gas such as 

C3138. 
The plasma generation apparatus 4 also includes a plasma 

generating and gas ?oWing member 43, and the poWer 
source 45. The plasma generating and gas ?oWing member 
43 has a coil shape to enclose the main magnetic ?eld 
generating member 41a. High poWer current is applied from 
the poWer source 45 to the plasma generating and gas 
?oWing member 43. As shoWn in FIG. 3, the plasma 
generating and gas ?oWing member 43 passes through the 
region having high magnetic ?ux density betWeen the main 
and subsidiary magnetic ?eld generating members 41a, 41b, 
and 410. The pressure of the plasma generating and gas 
?oWing member 43 is approximately 500 mTorr to 8 Torr, in 
an exemplary embodiment the pressure is 1 to 2 Torr. 

In an exemplary embodiment, the gas can be advanta 
geously decomposed under the loW pressure of the plasma 
generating and gas ?oWing member 43 because the poWer 
source 45 is a high poWer source, and the plasma caused 
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6 
from the gas has a high density in accordance With the shape 
of the plasma generating and gas ?oWing member 43. 

In the plasma generating apparatus 4 in FIG. 3, the high 
poWer current is directly applied to the plasma generating 
and gas ?oWing member 43, so that the electric ?eld is 
generated in the plasma generating and gas ?oWing member 
43. Thus, the plasma generating apparatus 4 is different from 
the conventional plasma generating apparatus 1 Wherein the 
electric ?eld generated in the tube 11 is induced by the 
magnetic ?eld generating member 13 as shoWn in FIG. 1. 

Exemplary embodiments of the present invention adopt 
the principle of a single Winding transformer instead of a 
double Winding transformer to construct the plasma gener 
ating apparatus 4 because the ef?ciency of the double 
Winding transformer is loWer than that of the single Winding 
transformer by approximately 30 to 50 percent. Hence, the 
plasma generating apparatus 4 of exemplary embodiments 
of the present invention has improved ef?ciency. 

FIG. 4 is a schematic cross-sectional vieW illustrating 
generation of the plasma in a plasma-generating member 
according to another exemplary embodiment of the present 
invention. Referring to FIG. 4, a primary electric ?eld 48a 
is generated in the plasma generating and gas ?oWing 
member 43 by the high poWer current provided by the poWer 
source 45. Also, the secondary electric ?eld 48b is generated 
in the plasma generating and gas ?oWing member 43 by the 
main and subsidiary magnetic ?eld generating members 
41a, 41b and 410 respectively described in FIG. 3. In the 
plasma generating and gas ?oWing member 43, the primary 
electric ?eld 48a is substantially perpendicular to the second 
electric ?eld 48b. 
A radical atmosphere is generated in the plasma generat 

ing and gas ?oWing member 43 by the primary and second 
ary electric ?elds 48a and 48b, Which are perpendicular or 
substantially perpendicular to each other, causing the par 
ticles to have spiral acceleration 49 as shoWn in FIG. 4. 

FIG. 5 includes a curve 49b shoWing the motion of 
particles in the plasma-generating member according to an 
exemplary embodiment of the present invention. In FIG. 5, 
a vertical axis indicates the velocity V of the particles, and 
a horiZontal axis represents time. Referring to FIG. 5, the 
particles are accelerated by the primary and the secondary 
electric ?elds 48a and 48b, and then spirally advance along 
the moving direction of the gas. 

Referring to FIG. 3, the plasma generating and gas 
?oWing member 43 includes a conductive pipe 42 in the 
region betWeen the main and subsidiary magnetic ?eld 
generating members 41a, 41b and 410, to transform the gas 
passing there-through into a plasma phase (or state) due to 
the applied electric ?elds 48a and 48b described in FIG. 4. 
The conductive pipe 42 includes conductive metal such as 

aluminum or aluminum alloy. When the high poWer current 
is applied to both ends of the conductive pipe 42, the high 
poWer current passes through the region betWeen the main 
and subsidiary magnetic ?eld generating members 41a, 41b 
and 410, and through the region having high magnetic ?ux 
density betWeen the main and subsidiary magnetic ?eld 
generating members 41a, 41b and 410. The high poWer 
current passing through the region having high magnetic 
?ux density substantially ?oWs perpendicular or substan 
tially perpendicular to the positive magnetic ?eld, formed by 
the main and subsidiary magnetic ?eld generating members 
41a, 41b and 410. Hence, the electric ?eld is generated in the 
plasma generating and gas ?oWing member 43, and the gas 
?oWing therein is ioniZed to thereby form the plasma. As 
shoWn in FIG. 3, the conductive pipe 42 has a coil shape to 
enclose the main magnetic ?eld generating member 4111, 
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such that the gas ?uidiZing in the conductive pipe 42 has a 
coil shaped ?oW path. The current passing through the 
conductive pipe 42, and the gas ?oWing in the conductive 
pipe 42 How in the same or substantially the same direction. 
Because the current is applied as a sine Wave high frequency 
alternating current, the current is applied in a forward and 
reverse direction With respect to the direction of gas How. 
A gas supply pipe 42a is connected to one end of the 

conductive pipe 42, Where the gas is provided from a gas 
source (not shoWn) outside the region of the magnetic ?elds. 
The gas is supplied from the gas supply pipe 42a to the 
conductive pipe 42. Also, a plasma exhausting pipe 42b is 
connected to the other end of the conductive pipe 42 to 
exhaust plasma. The plasma is formed in the conductive pipe 
42 and in an exemplary embodiment, provided by the 
plasma exhausting pipe 42b to the semiconductor device, 
outside the magnetic ?eld region (not shoWn). 
One pipe connecting member 44a connects the gas supply 

pipe 42a to the conductive pipe 42, and another pipe 
connecting member 44b connects the plasma exhausting 
pipe 42b to the conductive pipe 42. The pipe connecting 
members 4411 and 44b include insulation material (e.g., 
plastic or insulation ceramic). Thus, the current ?oWing 
through the conductive pipe 42 is deterred from leaking 
from the gas supply pipe 42a and the plasma exhausting pipe 
42b. 

FIG. 6 is a perspective vieW illustrating the apparatus for 
generating a plasma according to another exemplary 
embodiment of the present invention. 

Referring to FIG. 6, a main magnetic ?eld generating 
member 50a is positioned at the center of a plasma gener 
ating apparatus 50. The main magnetic ?eld generating 
member 5011 is disposed along the axis of the plasma 
generating apparatus 50. A pair of subsidiary magnetic ?eld 
generating members 50b and 500 are substantially sym 
metrically positioned With respect to the main magnetic ?eld 
generating member 5011. The subsidiary magnetic ?eld gen 
erating members 50b and 500 are disposed in parallel or 
substantially parallel to the axis of the main magnetic ?eld 
generating member 5011. Because the subsidiary magnetic 
?eld generating members 50b and 500 are substantially 
symmetrically disposed in parallel or substantially parallel 
to the main magnetic ?eld generating member 5011, the 
magnetic ?ux of the magnetic ?eld adjacent to the main 
magnetic ?eld generating member 50a can be enhanced. 
A plasma generating and gas ?oWing member 51 is 

disposed to enclose the main magnetic ?eld generating 
member 5011 as a spiral ?oW path, positioning the plasma 
generating and gas ?oWing member 51 in the magnetic ?elds 
generated by the main and subsidiary magnetic ?eld gener 
ating members 50a, 50b and 500. 

The main and the subsidiary magnetic ?eld generating 
members 50a, 50b and 500 generate static magnetic ?elds, 
namely, the main magnetic ?eld is formed along the axis of 
the main magnetic ?eld generating member 5011, and the 
subsidiary magnetic ?eld generating members 50b and 500 
generate a pair of subsidiary magnetic ?elds in parallel to the 
axis of the main magnetic ?eld generating member 50a. 
ApoWer source 55 is connected to one end portion of the 

plasma generating and gas ?oWing member 51 for applying 
high poWer current. The high poWer current is directly 
applied to the plasma generating and gas ?oWing member 
51, so an electric ?eld is directly generated in the plasma 
generating and gas ?oWing member 51. 

FIG. 7 is a perspective vieW illustrating an apparatus for 
generating a plasma according to another exemplary 
embodiment of the present invention. 
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Referring to FIG. 7, a main magnetic ?eld generating 

member 6011 is disposed along the axis of a plasma gener 
ating apparatus 60. Subsidiary magnetic ?eld generating 
members 60b, 60c, 60d and 60e are substantially symmetri 
cally disposed, With respect to the main magnetic ?eld 
generating member 6011. Thus, the subsidiary magnetic ?eld 
generating members 60b, 60c, 60d and 60e are positioned 
approximately 90° from the center on the main magnetic 
?eld generating member 60a. Additionally, the subsidiary 
magnetic ?eld generating members 60b, 60c, 60d and 60e 
are positioned in parallel or substantially parallel to the axis 
of the main magnetic ?eld generating member 6011. 
A plasma generating and gas ?oWing member 61 is 

disposed to enclose the main magnetic ?eld generating 
member 6011 as a spiral ?oW path. The plasma generating 
and gas ?oWing member 61 is disposed to pass through the 
region having a high magnetic ?ux density betWeen the main 
and subsidiary magnetic ?eld generating members 60a, 60b, 
60c, 60d and 60e. When a gas plasma is formed, the main 
magnetic ?eld generating member 6011 generates the main 
magnetic ?eld formed along the axis of the main magnetic 
?eld generating member 60a, and the subsidiary magnetic 
?eld generating members 60b, 60c, 60d, and 60e generate 
subsidiary magnetic ?elds in parallel or substantially parallel 
to the axis of the main magnetic ?eld generating member 
60a, respectively. 
As shoWn in FIGS. 6 and 7, the subsidiary magnetic ?eld 

generating members are in parallel or substantially parallel 
to the main magnetic ?eld generating member. The number 
of the subsidiary magnetic ?eld generating members can be 
determined as a function of the magnetic ?ux density 
betWeen the main and subsidiary magnetic ?eld generating 
members. 

In the plasma generating apparatuses in FIGS. 6 and 7, a 
gas ?oWs along the path identical to or substantially iden 
tical to that of the high frequency current provided from the 
poWer source. Particularly, the gas ?oWs in the pipe Which 
the high poWer current is applied so that the gas passes along 
the path corresponding to the applied high frequency cur 
rent. The gas is ioniZed by colliding With free electrons 
accelerated through the electric ?eld, generated by the high 
poWer current. 
The magnetic ?ux density is close along the axis of the 

main magnetic ?eld generating member due to the main and 
subsidiary magnetic ?eld generating members. Thus, most 
of the gas plasma moves along the axis of the main magnetic 
?eld generating member. In addition, the ef?ciency of the 
generation of the plasma can be enhanced due to the electric 
?eld directly generated from the high poWer current by 
utiliZing the principle of the single Winding transformer. 
Finally, the time for generating the plasma can be shortened 
to Within approximately 3 seconds using exemplary embodi 
ments of the present invention. 

FIG. 8 is a schematic perspective vieW illustrating an 
apparatus for generating a plasma according to another 
exemplary embodiment of the present invention. 

Referring to FIG. 8, a main magnetic ?eld generating 
member 70a is disposed along the axis of a plasma gener 
ating apparatus 70, and a subsidiary magnetic ?eld gener 
ating member 70b is disposed to be in parallel or substan 
tially parallel to the axis of the main magnetic ?eld 
generating member 7011. In an exemplary embodiment of the 
present invention, an electromagnet, in Which a coil is 
Wound around a permanent magnet, is employed, namely, 
the main and the subsidiary magnetic ?eld generating mem 
bers 70a and 70b include iron cores used as the passages for 
the lines of magnetic force. A coil 76 is disposed to enclose 
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the main magnetic ?eld generating member 7011. A radio 
frequency (RF) generator 75 is connected to the coil 76 to 
apply high poWer and loW frequency alternating current to 
the coil 76. An electromagnetic ?eld is generated in parallel 
or substantially parallel to the main magnetic ?eld generat 
ing member 7011, and an induction magnetic ?eld is gener 
ated by the subsidiary magnetic ?eld generating member 
70b. 
Aplasma generating and gas ?oWing member 71 includes 

a conductive pipe, and encloses the main magnetic ?eld 
generating member 70a. In addition, the plasma generating 
and gas ?oWing member 71 has a partially opened ring shape 
passing through an area betWeen the main and the subsidiary 
magnetic ?eld generating members 7011 and 70b, including 
through the region having a high magnetic ?ux density. 
As shoWn in FIG. 8, the plasma generating and gas 

?oWing member 71 has the partially open ring shape. A pipe 
connecting member 72, similar to the pipe connecting mem 
bers 44a and 44b in FIG. 3, is positioned betWeen both ends 
of the partially open ring. The pipe connecting member 72 
includes insulation material (e.g., plastic or insulation 
ceramic). Thus, the current can ?oW clockWise or counter 
clockWise along the plasma generating and gas ?oWing 
member 71. The current is provided in parallel or substan 
tially parallel to the How direction of the gas in a forWard or 
reverse direction With respect to the direction of the gas ?oW. 
Thus, the current generates an electric ?eld in order to 
transform the ?oWing gas into plasma. 
One end of the plasma generating and gas ?oWing mem 

ber 71, having the open ring shape, is connected to the coil 
76 enclosing the main magnetic ?eld generating member 
70a through a ?rst electric Wire 77. Another end of the 
plasma generating and gas ?oWing member 71 is grounded 
through a second electric Wiring 78. A gas inlet 71a is 
formed at the upper portion of the plasma generating and gas 
?oWing member 71 and a gas outlet 71b is extended from the 
lateral portion of the plasma generating and gas ?oWing 
member 71. 

In the plasma generating apparatus 70 of an exemplary 
embodiment, the high poWer current of a poWer source 75 is 
primarily applied to the main magnetic ?eld generating 
member 7011, to form the main and the subsidiary magnetic 
?elds. The high frequency alternating current is also applied 
to the plasma generating and gas ?oWing member 71, 
thereby generating the electric ?eld in the plasma generating 
and gas ?oWing member 71. 

Thus, the gas for generating the plasma is injected through 
the gas inlet 71a. The gas is transformed into the plasma 
state by the magnetic ?elds, the secondary electric ?eld 
generated from the main and the subsidiary magnetic ?eld 
generating members 70a and 70b, and by the primary 
electric ?eld generated from the plasma generating and gas 
?oWing member 71. 
As for the exemplary embodiment shoWn in FIG. 7, the 

gas ?oWs in parallel or substantially parallel to the applied 
path of the high poWer current, and the gas is ioniZed to 
generate the plasma. As discussed herein, the gas collides 
With free electrons, generated by the high poWer current, 
accelerated in the electric ?eld to ioniZe the gas. 

Exemplary Method and Apparatus for Manufacturing a 
Semiconductor Device 

Hereinafter, exemplary methods for manufacturing a 
semiconductor device by employing the plasma generated 
through the above-described remote method Will be 
explained. 
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Referring to FIGS. 3, 6 and 7, the main magnetic ?eld is 

generated along the axis of the main magnetic ?eld gener 
ating member, and the subsidiary magnetic ?elds are formed 
in parallel or substantially parallel to the axis. The conduc 
tive pipe is disposed to spirally enclose the axis. When the 
high frequency current is applied to the conductive pipe, the 
high poWer current is provided along the path betWeen the 
main and subsidiary magnetic ?elds. The induction mag 
netic and the induction electric ?elds are generated by the 
high poWer current. 
The gas ?oWs through the conductive pipe, including 

through the region betWeen the main and subsidiary mag 
netic ?elds. The gas plasma is generated from the gas by the 
induction magnetic and induction electric ?elds. In an exem 
plary embodiment, the gas includes ?uorine atoms. 
Examples of the gas include NF3 gas or CxFy gas (Wherein 
x>0 and y>0). Additionally, the CxFy gas can include CF4, 
$31536 or C3138, in an exemplary embodiment the CxFy gas is 

3 s 

The plasma is provided into the chamber Wherein the 
process for manufacturing the semiconductor device is 
executed. The chamber is separate from the plasma gener 
ating apparatus. Thus, the gas plasma is provided into the 
chamber through the plasma exhausting pipe disposed at the 
end portion of the conductive pipe (as shoWn in FIGS. 3, 5 
and 7). 
By using the plasma provided into the chamber for the 

method of manufacturing the semiconductor device, an 
etching process, a ?lm deposition process, or a cleaning 
process can be performed in the chamber. HoWever, other 
processes for manufacturing the semiconductor device can 
be executed in the chamber using the plasma. 
When the gas plasma is generated by the above-described 

exemplary methods, and employed for manufacturing the 
semiconductor device, the productivity of the semiconductor 
manufacturing process can be improved. The manufacturing 
cost of the semiconductor device can also be reduced 
because the plasma can be formed using a loW-priced CxFy 
gas (e.g., C3138). 
When the plasma is generated using an NF3 gas, a carrier 

gas (e.g., argon gas) is used to transfer the plasma for 
operating the chamber With a loW poWer. Argon gas must be 
produced in the same quantity as that of the NF3 gas. 
HoWever, according to the exemplary embodiment of the 
present invention, the high ef?ciency of the generation of the 
plasma can be achieved When the argon gas is added in a 
quantity approximately one-third the NF3 gas. Hence, the 
ef?ciency of the manufacturing processes can be improved 
and the ignition time of the plasma can be shortened. 

Hereinafter, exemplary methods for manufacturing a 
semiconductor device Will be further described With further 
reference to the accompanying draWings. 

FIG. 9 is a block diagram illustrating a method for 
manufacturing a semiconductor device according to an 
exemplary embodiment of the present invention. 

Referring to FIG. 9, an apparatus 80 for manufacturing a 
semiconductor device has a gas source 81 for providing a 
gas. In an exemplary embodiment, the gas includes ?uorine 
atoms, for example, NF3 gas or CxFy (Wherein x>0 and y>0). 
The gas can be pertinently selected in accordance With the 
process used for manufacturing the semiconductor device. 
The plasma generating device 83 shoWn in FIGS. 3, 6 and 

7 is connected to the gas source 81. The gas source 81 is 
connected to the plasma generating member 83 through the 
gas supply pipe (e.g., reference FIG. 3). 
The plasma generating device 83 includes the main mag 

netic ?eld generating member for primarily generating the 












